The material surrounding accreting supermassive black holes connects the active galactic nucleus (AGN) with its host galaxy and, besides being responsible for feeding the black hole, provides important information on the feedback that nuclear activity produces on the galaxy. In this Review we summarize our current understanding of the close environment of accreting supermassive black holes obtained from studies of local AGN carried out in the infrared and X-ray band. The structure of this circumnuclear material is complex, clumpy and dynamical, and its covering factor depends on the accretion properties of the AGN. From the infrared point of view, this obscuring material is a transition zone between the broad-and narrow-line region, and at least in some galaxies, it consists of two structures: an equatorial disk/torus and a polar component. In the X-ray regime, the obscuration is produced by multiple absorbers on various spatial scales, mostly associated with the torus and the broad-line region. In the next decade the new generation of infrared and X-ray facilities will greatly contribute to our understanding of the structure and physical properties of nuclear obscuration in AGN.
The material surrounding accreting supermassive black holes connects the active galactic nucleus (AGN) with its host galaxy and, besides being responsible for feeding the black hole, provides important information on the feedback that nuclear activity produces on the galaxy. In this Review we summarize our current understanding of the close environment of accreting supermassive black holes obtained from studies of local AGN carried out in the infrared and X-ray band. The structure of this circumnuclear material is complex, clumpy and dynamical, and its covering factor depends on the accretion properties of the AGN. From the infrared point of view, this obscuring material is a transition zone between the broad-and narrow-line region, and at least in some galaxies, it consists of two structures: an equatorial disk/torus and a polar component. In the X-ray regime, the obscuration is produced by multiple absorbers on various spatial scales, mostly associated with the torus and the broad-line region. In the next decade the new generation of infrared and X-ray facilities will greatly contribute to our understanding of the structure and physical properties of nuclear obscuration in AGN.
Over the past decades several pieces of observational evidence have shown that supermassive black holes (SMBHs; M BH ∼ 10 6−9.5 M⊙) are found at the center of almost all massive galaxies, and that those SMBHs play an important role in the evolution of their host galaxies 1 during a phase in which they are accreting material and are observed as active galactic nuclei (AGN). Indeed, different modes of AGN feedback are expected to be key processes shaping the environment of SMBHs. In particular, quasar-induced outflows might be capable of regulating black hole and galaxy growth 2 . For instance, they are required by semi-analytical models of galaxy formation for quenching star formation in massive galaxies 3 . However, directly studying the influence of nuclear activity on galaxy evolution is difficult because of the completely different timescales involved 4, 5 . Therefore, to directly probe the AGN-host galaxy connection we need to look at the structure and kinematics of the parsecscale dust and gas surrounding the accreting SMBHs.
AGN radiate across the entire electromagnetic spectrum, from the radio and up to gamma-rays. A large fraction of their emission is produced in the accretion disk and emitted in the optical and ultraviolet (UV) bands. A significant proportion of these optical/UV photons are reprocessed i) by dust located beyond the sublimation radius and re-emitted in the infrared (IR), and ii) by a corona of hot electrons close to the accretion disk that up-scatters them in the X-ray band 6 and illuminates the surrounding material. Thus, studying the IR and X-ray emission and absorption of AGN is key to characterize nuclear regions of AGN.
AGN structure
AGN are classified as type-1 and type-2 depending on the presence or not of broad components (full width at half maximum; FWHM≥2000 km s −1 ) in the permitted lines of their optical spectra. Those broad lines are produced in a sub-pc scale dustfree region known as the broad-line region (BLR). On the other hand the narrow lines (FWHM<1000 km s −1 ) that are ubiquitous in the spectra of AGN -excluding beamed AGN-are produced in the narrow-line region (NLR). In the case of moderately luminous AGN, such as Seyfert galaxies, the NLR extends from ∼10 pc to ∼1 kpc 7 .
The discovery of a highly polarized Hα broad component in the radio galaxy 3C 234 with position angle perpendicular to the radio axis 8 led to the development of the AGN unified model 9, 10 . These observations can be explained if the central engine is surrounded by a dusty toroidal structure, dubbed the torus, which blocks the direct emission from the BLR in type-2 AGN, and scatters the photons producing the observed polarized spectra. This toroidal structure, of 0.1-10 pc in size as constrained from mid-IR (MIR) imaging 11, 12 and interferometry 13 , and more recently from sub-millimiter observations [14] [15] [16] , also collimates the AGN radiation, hence producing the bi-conical shapes of their NLRs known as ionization cones 17 . In summary, from the very center to host-galaxy scales the main AGN structures are the accretion disk and the corona, the BLR, the torus and the NLR, as shown in Figure 1 .
Another structure inferred from radio observations is the sub-pc scale maser disk: a compact concentration of clouds orbiting the SMBH and emitting in the 22 GHz maser line 18 . The maser disk is generally assumed to be co-spatial with the torus, although it is not clear whether it corresponds to its innermost part or to a geometrically thin disk which inflates in the outer part 19 .
X-ray emission is ubiquitous in AGN, and is produced in a compact source located within a few gravitational radii 20 from an accretion disk. The study of the reprocessed and absorbed X-ray radiation can provide important information on the structure and physical properties of the circumnuclear material. The level of low-ionization absorption in the X-rays is typically parametrized in terms of the line-of-sight column density (N H), and AGN are considered to be obscured if N H ≥ 10 22 cm −2 . While obscuration strongly depletes the X-ray flux at E < 10 keV due to the photo-electric effect, emission in the hard Xray band (E 10 keV) is less affected by obscuration. Therefore, observations carried out using hard X-ray satellites such as NuSTAR, Swift/BAT, Suzaku/PIN, INTEGRAL IBIS/ISGRI, and BeppoSAX/PDS can probe even some of the most elusive accretion events. Recent hard X-ray surveys have contributed to significantly improve our understanding of AGN obscuration, showing that ∼ 70% of all local AGN are obscured 21, 22 . While nuclear obscuration is mostly associated with dust within the torus at IR wavelengths, it can also be related to dust-free gas in the case of the X-rays. Indeed, it is likely that X-ray obscuration is produced by multiple absorbers on various spatial scales. This might include dust beyond the sublimation radius, and dust-free gas within the BLR and the torus 23, 24 . This explains observations showing that, in general, the columns of material implied in the X-ray absorption are found to be comparable to or larger than those inferred from nuclear IR observations 25, 26 .
Early X-ray studies revealed that, while most type-1 AGN are unobscured, type-2 AGN are usually obscured 27 , supporting the unification model. A clear example is NGC 1068, the archetypal type-2 AGN, which has been shown to be obscured by material optically-thick to photon-electron scattering (Compton-thick or CT, N H ≥ 1.5 × 10 24 cm −2 ), which depletes most of the X-ray flux 28, 29 . Nevertheless for some objects with no broad optical lines no X-ray obscuration has been found 30 . Interestingly, many of these objects have low accretion rates, which would be unable to sustain the dynamical obscuring environment (i.e., the BLR and the torus) observed in typical AGN 31, 32 , explaining the lack of X-ray obscuration and broad optical lines. On the other hand, studies of larger samples of objects have reported tantalizing evidence of a significant AGN population showing broad optical lines and column densities N H ≥ 10 21.5 cm −2 in the X-rays 33 . This has been explained considering that some obscuration is related to dust-free gas within the sublimation region associated to the BLR 34 .
The boundary between the BLR and the torus is set by the dust sublimation temperature. The sublimation region has been resolved 35, 36 in the near-IR (NIR) using the Very Large Telescope Interferometer (VLTI) and the Keck Interferometer. From these interferometric observations it has been found that the inner torus radius scales with the AGN luminosity 37 as r ∝ L 1/2 , as previously inferred from optical-to-IR time lag observations 38 and also from theoretical considerations 39 .
The torus radiates the bulk of its energy at MIR wavelengths, although recent interferometry results might complicate this scenario [40] [41] [42] . From both IR and X-ray observations it has been shown that the nuclear dust is distributed in clumps 25, 43 , and further constraints on the torus size and geometry have been provided by MIR interferometry 13, 42 . The MIR-emitting dust is compact and sometimes it appears not as a single component but as two or three 44 .
Thanks to the unprecedented angular resolution afforded by the Atacama Large Millimeter/submillimeter Array (ALMA), recent observations have, for the first time, imaged the dust emission, the molecular gas distribution, and the kinematics from a 7-10 pc diameter disk that represents the sub-mm counterpart of the putative torus of NGC 1068 [14] [15] [16] (see Figure 2 ). As the sub-mm range probes the coolest dust within the torus, this molecular/dusty disk extends is twice larger than the warmer compact MIR sources detected by the VLTI in the nucleus of NGC 1068 45 and the pc-scale ionized gas and maser disks imaged in the mm regime 46, 47 which correspond to the torus innermost part. The highest angular resolution ALMA images available to date (0.07"×0.05") reveal a compact molecular gas distribution showing non-circular motions and enhanced turbulence superposed to the slow rotation pattern of the disk 15 . This is confirmed by deeper ALMA observations at the same frequency 16 which permit to disentangle the low-velocity compact CO emission (±70 km s −1 relative to the systemic velocity) from the higher-velocity CO emission (±400 km s −1 ), which the authors interpreted as a bipolar outflow almost perpendicular to the disk.
Furthermore, from the left panel of Figure 2 it is clear that the torus is not an isolated structure. Instead, it is connected physically and dynamically with the circumnuclear disk (CND) of the galaxy 15 (∼300 pc×200 pc). Indeed, previous NIR integral field spectroscopy data of NGC 1068 revealed molecular gas streams from the CND into the nucleus 48 . CNDs appear to be ubiquitous in nearby AGN and they constitute the molecular gas reservoirs of accreting SMBHs 49 .
Dust and gas spectral properties 51 is an almost ubiquitous feature in the X-ray spectra of AGN 52 , and its energy is consistent with this feature originating in lowly-ionised material 51 . Its origin is still under discussion, and it could be related to the torus 51 , to the BLR 53 , or to an intermediate region between the two 54 . The flux of the narrow Fe Kα line (compared to the intrinsic X-ray flux) is generally weaker in type-2 AGN than in type-1, and it is depleted in CT AGN with respect to less obscured AGN 55 . This would be in agreement with the idea that the circumnuclear material is axisymmetric, as predicted by the unified model, and pointing to the torus or its immediate surroundings as the region where the bulk of this line is produced. In CT material some of the Fe Kα photons are bound to be down scattered, giving rise to the Compton shoulder. While the shape of this feature carries important information on the geometry and physical characteristics of the material surrounding the SMBH 56 , the spectral resolution of current facilities has not permitted to study it in detail.
Infrared tracers of circunmnuclear material. High angular resolution observations obtained with ground-based 8-10 mclass telescopes and with the Hubble Space Telescope have been fundamental to characterize the nuclear IR spectral energy distributions (SEDs) of AGN 25, [57] [58] [59] . In general, while the subarcsecond resolution NIR SEDs (1-8 µm) of nearby type-1 AGN are bluer than those of type-2s, the MIR slope (8-20 µm) is practically identical for the two types [58] [59] [60] [61] , indicating that the MIR emission is more isotropic than expected from a smooth torus 62, 63 . The wavelength dependency of the IR anisotropy has been also studied at higher redshift using an isotropically selected sample of quasars and radio galaxies 64 . Longward of 12 µm the anisotropy is very weak, and the emission becomes practically isotropic at 15 µm. This weak MIR anisotropy explains the strong 1:1 correlation between the MIR and hard X-ray luminosities found for both type-1 and type-2 AGN [65] [66] [67] .
Another MIR spectral characteristic used to study nuclear obscuration and commonly associated with the torus is the 9.7 µm silicate feature. It generally appears in emission in type-1 AGN and in absorption in type-2 AGN, although there are exceptions 68, 69 . The amount of extinction that can be inferred from the silicate feature strength shows a correlation, although with large scatter, with the column densities derived from the Xrays 70 . In general, large columns correspond to silicate absorption and small columns to silicate emission. High angular resolution MIR spectroscopy of face-on and isolated AGN revealed shallow silicate features in type-2 AGN 71, 72 . A clumpy distribution of dust naturally produces these shallow absorption features, but another interpretation to explain this and other "anomalous" dust properties in AGN such as the reduced EB−V /NH and AV /NH ratios is a dust distribution dominated by large grains 73 .
Torus models
As a result of the small size of the torus, neither ground-based single-dish telescopes nor X-ray satellites are able to resolve it even in the most nearby AGN. As a consequence, different sets of IR and X-ray torus models were developed aiming to reproduce the observed SEDs and to put indirect constraints on the torus properties. Pioneering work in modelling the dusty torus 62, 63 in the IR assumed a uniform dust density distribution for the sake of simplicity. However, it was known from the very beginning that a smooth dust distribution cannot survive in the hostile AGN vicinity 74 . Instead, the dust has to be arranged in dense and compact clumps. Observationally, X-ray variability studies have provided further support to a clumpy distribution of the obscuring material 43, 75 .
In order to solve the discrepancies between IR observations and the first smooth torus models (e.g. shallow silicate features, relatively blue IR SEDs in type-2 AGN, and small torus sizes), more sophisticated models were developed in the last decade. Roughly, two different sets of models can be distinguished. On the one hand, physical models aim to consider processes such as AGN and supernovae feedback, inflowing material, and disk maintenance [76] [77] [78] . On the other hand, Geometrical/ad-hoc models attempt to reproduce the IR SED by assuming a certain geometry and dust composition [79] [80] [81] [82] [83] . The two types of models have advantages and disadvantages. Physical models are potentially more realistic but it is more difficult to compare them with obser- vations, and they generally have to assume extreme conditions to work, such as very massive star clusters or disks, or combine multiple effects like star formation, feedback and radiation with high Eddington ratios. However, much progress has been made since the first physical torus models were developed, and many of these problems are currently being solved. On the other hand, geometrical models can be easily compared with observations but they face the problem of large degeneracies and dynamical instability. Nevertheless, much has been learned in the last years from comparing models and observations, and what is important is to be aware of the model limitations when interpreting the results 84 . Geometrical torus models are particularly useful for performing statistical analysis using galaxy samples and, for example, deriving trends in the torus parameters between type-1 and 2 AGN. This can be done by evaluating the joint posterior distributions using Bayesian analysis 61 , or a hierarchical Bayesian approach to derive information about the global distribution of the torus parameters for a given subgroup 85 . Individual source fitting with geometrical torus models should be used when additional constraints from observables such as the ionization cones opening angle and/or orientation are considered as a priori information in the fit. In particular, clumpy torus models have made significant progress in accounting for the IR emission of different AGN samples 25, 81, [86] [87] [88] . Examples of torus parameters that can be derived from SED modeling and compared with independent observations are e.g. the torus width (σ), which is the complement of the ionization cone half-opening angle angle; the torus outer radius (Ro), which can be compared with interferometry constraints; and the covering factor, which depends on the number of clumps (N0) and σ (see Figure 3) . These IR covering factors can be compared with those derived from the modeling of X-ray spectra (see next section for further details).
It is worth noting that we do not only learn from what the models can fit, but also from what they cannot fit. For example, the NIR SEDs of some type-1 Seyferts and Palomar-Green quasars (PG quasars) show a ∼3 µm bump that cannot be reproduced with clumpy torus models only, revealing either the presence of nuclear hot dust that is not accounted for in the models or NLR flux contaminating the nuclear measurements 86, 87 . Note, however, that in the case of the more sophisticated twophase torus models 82 , the low-density diffuse interclump dust accounts for the NIR excess in some cases 88, 90 . The NIR bump is also reproduced by recently available radiative transfer models 91 that assume an inflowing disk which is responsible for the NIR peak and an outflowing wind that produces the bulk of the MIR emission. Although successful in reproducing recent MIDI interferometric observations of nearby AGN 42 , the number of free parameters is even larger than in clumpy torus models.
Another example of IR SEDs that clumpy models cannot reproduce are those of low-luminosity AGN (LLAGN) with L bol < 10 42 erg s −1 , which show a bluer MIR spectrum (5-35 µm) than those of LLAGN with L bol ≥ 10 42 erg s −1 92 . This could be indicating that the torus disappears at low bolometric luminosities 32 .
In the X-rays, torus spectral models are calculated from Monte Carlo simulations of reprocessed and absorbed X-ray radiation [93] [94] [95] [96] [97] , and currently consider geometries more simplified than the IR models. Typical parameters obtained from these models are the column density of the torus, its covering factor and the inclination angle with respect to the system. The two most commonly used models adopt homogeneous toroidal 94, 95 geometries, and are used to study the most heavily obscured sources, for which the obscuring material acts as a sort of coronagraph, permitting to clearly observe the reprocessed X-ray radiation. These models have allowed to significantly improve the constraints on the properties of the most obscured AGN [98] [99] [100] , and in some cases to separate the characteristics of the material responsible for the reprocessed emission and those of the obscurer 29, 101 .
Covering factor of the obscuring material
The covering factor is the fraction of sky covered by the obscuring material, as seen from the accreting SMBH, and it is one of the main elements regulating the intensity of the reprocessed X-ray and IR radiation. In the last decade different trends with luminosity and redshift have been found by studying different AGN samples at different wavelengths.
Both in the IR and X-rays the covering factor can be inferred from spectral modelling, as outlined in the previous section. Two additional methods are often used: i) in the IR the ratio between the MIR and the AGN bolometric luminosity is used as a proxy of the torus reprocessing efficiency. The fraction of the optical/UV and X-ray radiation reprocessed by the torus and observed in the MIR is proportional to its covering factor. ii) In the X-rays the covering factor of the gas and dust surrounding the SMBH can be estimated using a statistical argument and studying the absorption properties of large samples of AGN. The compactness of the X-ray corona implies that the value of the column density obtained from X-ray spectroscopy of single objects provides information only along an individual line-of-sight. Studying large samples of objects allows us to probe random inclination angles, therefore providing a better understanding of the average characteristics of the obscuring material. In fact the probability of seeing an AGN as obscured is proportional to the covering factor of the gas and dust. Therefore the fraction of sources with column density within a certain range can be used as a proxy of the mean covering factor within that N H interval.
The left panel of Figure 4 shows the intrinsic column density distribution of local AGN selected in the hard X-ray band and corrected for selection effects. Following the statistical argument outlined above, the N H distribution provides important insights on the average structure of the gas and dust, and it can be used to infer the covering factors of different layers of obscuring material, assuming that the column density increases for larger inclination angles (see right panel of Figure 4 ). The existence of a significant population of AGN observed through CT column densities was suggested by early X-ray observations of nearby AGN 102 , which found that some of the nearest objects (Circinus, NGC 1068, and NGC 4945) are obscured by column densities ≥ 10 24 cm −2 . Recent hard X-ray studies have shown that ∼ 20 − 27% of all AGN in the local Universe are CT 21, 22 , and a similar percentage is found also at higher redshift [103] [104] [105] [106] .
Studies of X-ray selected samples of AGN have shown that the fraction of obscured Compton-thin (N H = 10 22−24 cm −2 ) sources decreases with luminosity 21, 33, 103, 107, 108 (see Figure 5 ). A similar behavior has been observed for the Compton-thick material in a large sample of Swift/BAT AGN 22 , as well as from the parameters derived from the broad-band X-ray spectroscopic analysis of a sample of local CT AGN using a physical torus model 109 . This trend has been interpreted as being due to the decrease of the covering factor of the obscuring material with the luminosity, and it has been also reported by several studies carried out in the IR using the ratio between the MIR and the bolometric luminosity [110] [111] [112] [113] . Furthermore, the fraction of obscured AGN at a given X-ray luminosity also increases with redshift 103 , suggesting that the circumnuclear material of AGN might also evolve with Cosmic time. Nevertheless, recent works carried out in the IR 113 and X-rays 114 have argued that if the anisotropy of the circumnuclear material is properly accounted for, the decrease of the covering factor with luminosity would be significantly weaker.
The intensity of the reprocessed X-ray radiation depends on the covering factor of the obscuring material, which would lead to expect a direct connection between reflection features and Xray luminosity. While the relation between the Compton hump and the luminosity is still unclear, a decrease of the equivalent width of the Fe Kα line with the luminosity (i.e. the X-ray Baldwin effect 115 ) has been observed in both unobscured 51, 116 and obscured 55 AGN. Moreover, the slope of the X-ray Baldwin effect can be reproduced by the relation between the covering factor and the luminosity found by X-ray studies 117 , also suggesting a relation between the two trends.
The relation between the obscuring material and the AGN luminosity has been often explained as being a form of feedback, with the radiation field of the AGN cleaning out its circumnuclear environment 118 . Interestingly, the decrease of the covering factor with luminosity does not extend to the highest bolometric luminosities (10 46−48 erg s −1 ), where about half of the AGN population seem to be obscured 119 . We note that these obscured AGN are not necessarily type-2 AGN in the optical range. In the low-luminosity regime, evidence for a decrease of the fraction of obscured sources for X-ray luminosities < 10 42 erg s −1 has been observed 21 ( Figure 5 ). This result is supported by MIR observations of nearby AGN, which claim that the torus disappears at luminosities below the beforementioned limit 92 . As discussed in previous sections, these results can be explained if low-luminosity AGN fail to sustain the AGN internal structures 120 . This idea would also explain the observed decrease of the Fe Kα intensity with respect to the X-ray flux at low-luminosities found using Suzaku 121 . The modelling of IR SEDs has also provided important insights on the unification scheme. Using clumpy torus models, it has been claimed that the covering factors of type-2 tori are larger (i.e., more clumps and broader tori) than those of type-1 AGN 61, 85, 87, 122 . This would imply, first, that the observed differences between type-1 and type-2 AGN are not due to orientation effects only, as proposed in the simplest unification model, but also to the dust covering factor. Second, that the torus is not identical for all AGN of the same luminosity. Therefore, the classification of an AGN as a type-1 or type-2 is probabilistic 123 (see Figure 3) . The larger the covering factor, the smaller the escape probability of an AGN-produced photon. Although these results are model-dependent, they reflect the observed differences between the IR SEDs of type-1 and type-2 AGN. It is noteworthy that in the radio-loud regime it has been found that the radio core dominance parameter (the ratio of pc-scale jets to radio lobes emission) agrees with the optical classification of a subsample of 3CR radio galaxies at z≥1 124 . This would be indicating a small dispersion of torus opening angle and inclination for luminous type-1 and type-2 radio-loud AGN. Unfortunately, this analysis is not possible in radio-quiet AGN.
While models reproducing at the same time both the X-ray and MIR spectral properties of the reprocessed radiation are still missing, the values of the covering factors obtained by using MIR 85, 87, 88 and X-ray torus models are consistent 125 , albeit with large uncertainties and for a handful of AGN only.
Variability of the line-of-sight obscuring material
Studies carried out in the X-rays have found variations of the column densities of the obscuring material for several dozens AGN, confirming the idea that the obscuring material is clumpy and not homogeneous, and very dynamic. In about ten objects 23, 126, 127 , these variations were found to be very extreme, with the lineof-sight obscuration going from CT to Compton-thin (and vice versa) on timescales of hours to weeks (see left panel of Figure 6 ). This is consistent with the absorber originating in the BLR. Due to the strong changes in their spectral shapes, these objects are called changing-look AGN. For the archetypal of these objects, NGC 1365, it has been found that the obscuring clouds have a cometary shape 24 , with a high-density head 75 , showing an excess above 20 keV in August 2014 that can be explained by a cloud moving away from the line-of-sight, allowing for the first time to observe the nuclear X-ray continuum of this source.
and an elongated structure with a lower density. Even objects such as Mrk 766 128 , which are usually unobscured, have been found to show eclipses produced by highly-obscuring material. For this object, highly-ionized blueshifted iron absorption lines (Fe XXV and Fe XXVI) were also detected, showing that the absorbing medium is outflowing with velocities ranging from 3,000 to 15,000 km s −1 . Interestingly, due to the mass loss from the cometary tail, clouds would be expected to be destroyed within a few months 24 . This suggests that the BLR must be very dynamic, with gas clouds being created and dissipating continuously. The origin of these clouds is still unclear, but it has been suggested that they might be created in the accretion disk 32 .
Evidence for a clumpy obscurer on scales larger than the BLR have also been found. A study carried out using the Rossi X-ray Timing Explorer has recently discovered variation of the absorbing material (with N H ∼ 10 22−23 cm −2 ) on timescales of months to years for several objects 43 . For seven AGN the distance of the obscuring clouds locates them between the outer side of the BLR and up to ten times the distance of the BLR, suggesting that they are associated with clumps in the torus. Recent NuSTAR observations of NGC 1068 75 found a ∼30% flux excess above 20 keV in August 2014 with respect to previous observations (right panel of Figure 6 ). The lack of variability at lower energies permitted to conclude that the transient excess was due to a temporary decrease of the column density, caused by a clump moving out of the line-of-sight, which enabled to observe the primary X-ray emission for the first time. In the MIR, results from dust reverberation campaigns using data from the Spitzer Space Telescope are consistent with the presence of clumps located in the inner wall of the torus 129 .
Therefore, we know from absorption variability studies that both the BLR and the torus are not homogeneous structures, but clumpy and dynamic regions which might be generated as part of an outflowing wind.
Gas and dust in the polar region
In the last decade, MIR interferometry has represented a major step forward in the characterization of nuclear dust in nearby AGN. VLTI/MIDI interferometry of 23 AGN has revealed that a large part of the MIR flux is concentrated on scales between 0.1 and 10 pc 13, 130 . Besides, for the majority of the galaxies studied, two model components are needed to explain the observations 13 , instead of a single toroidal/disk structure. Moreover, for some of these sources one of these two components appears elongated in the polar direction. Detailed studies of four individual sources performed with MIDI 40, 41, 44, 45 have shown further evidence for this nuclear polar component (see Figure 7) . More recently, a search for polar dust in the MIDI sample of 23 AGN has been carried out 42 , and this feature has been found in one more galaxy. Thus, up to date, evidence for a diffuse MIRemitting polar component has been found in five AGN, including both type-1 and type-2 sources (Circinus, NGC 424, NGC 1068, NGC 3783, and NGC 5506). This polar component appears to be brighter in the MIR than the more compact equatorial structure, and it has been interpreted as an outflowing dusty wind driven by radiation pressure 40 . Indeed, radiation-driven hydrodynamical models 78, 131 taking into account both AGN and supernovae feedback can reproduce geometrically thick pc-scale disks and also polar emission, although these features are rather transient in nature even when averaged over time.
It is noteworthy that this polar component was first detected in NGC 1068 using high angular resolution MIR observations (≤0. telescopes [132] [133] [134] . These observations revealed that the point source was only responsible for ∼30-40% of the 8-24.5 µm emission, and the remaining 60-70% was emitted by dust in the ionization cones. Thus, the bulk of the nuclear MIR flux comes from polar dust within the central 70 pc of NGC 1068 134 . More recently, a similar result has been reported for 18 active galaxies observed with 8 m-class telescopes in the MIR 135 . The resolved emission is elongated in the polar direction (i.e. NLR dust), it represents at least 40% of the MIR flux, and it scales with the [O IV] flux. This is in line with the results from MIR interferometry 40, 41 , which indicate that the bulk of the MIR emission comes from a diffuse polar component, while the NIR flux would be dominated by a compact disk (see right panel of Figure 7 ). The difference between single-dish telescopes and MIR interferometry studies is the scale of the IR-emitting regions probed.
The existence of non-nuclear reflecting material in obscured AGN has been confirmed in the X-ray regime by Chandra studies of the Fe Kα line, which showed that part of the emission originates from an extended region. This has been found for some of the nearest heavily obscured AGN, such as NGC 1068 136 , for which ∼30% of the Fe Kα emission has been found to originate in material located at 140 pc 29 and it seems to be aligned with the NLR. Similarly, the 0.3-2 keV radiation has also been found to coincide with the NLR in obscured AGN 137 .
If proved to be common features in a significant fraction of AGN, co-existing compact disks/tori and polar dust components should be incorporated in the models 91 and could explain the observed NIR and MIR bumps seen in the SEDs of some type-1 [85] [86] [87] and type-2 AGN 88 . Besides, the polar emission has been proposed as an alternative scenario to explain the weak MIR anisotropy observed in active galaxies 64 , which is responsible for the strong 1:1 X-ray/MIR correlation slopes found for type-1 and type-2 AGN 67, 138, 139 . However, as explained in previous sections, a toroidal clumpy distribution also explains the weak MIR anisotropy 60 and more sophisticated clumpy models account for the NIR excess of the nuclear SEDs, either including a polar component in addition to the torus 91 or not 82 .
Current picture and the future of IR and X-ray studies of nuclear obscuration in AGN
In the past 10-15 years, studies of AGN in the IR and X-rays have provided important information on the characteristics of the nuclear environment of accreting SMBHs, showing that its nature is extremely complex and dynamic. The obscuring structure is is compact, clumpy, and not isolated, but connected with the host galaxy via gas inflow/outflows. From the IR point of view, it is a transition zone between the dust-free BLR clouds and the NLR and, at least in some galaxies, it consists of two structures: an equatorial disk/torus and a polar component. This polar component would be part of the outflowing dusty wind predicted by radiation-driven hydrodynamical models. In the case of the X-rays, the obscuration is produced by multiple absorbers on various spatial scales, but mostly associated with the torus and the BLR. The covering factor of the obscuring material depends on the luminosity of the system and possibly on the redshift, and it is important to take these dependencies into account to explain observations of both high-and low-luminosity AGN. The covering factor should also be considered in our current view of AGN unification, as the classification of an AGN as type-1 or type-2 does not depend on orientation only, but also on the AGN-produced-photon escape probability. In the next decade the new generation of IR and X-ray facilities will contribute greatly to our understanding of the structure and physical properties of the nuclear material, and to shed light on relevant open question such as: what is the relationship between the physical parameters of the accreting system and the circumnuclear material? Are the torus and BLR produced by outflows in the accretion disk? Is the polar dust ubiquitous?, and how much does it contribute to the IR emission?
In the X-ray regime, NuSTAR, XMM-Newton, Chandra, Swift and INTEGRAL will continue carrying out broad-band Xray observations of AGN, providing tighter constraints on the most obscured accretion events and on the characteristics of the circumnuclear material through studies of the reprocessed X-ray radiation. The recently launched X-ray satellite ASTROSAT 140 , thanks to its large effective area and broad band X-ray coverage, will be ideal to study absorption variability, and will improve our understanding of the properties of the BLR clouds. eROSITA (Merloni et al. 2012 ), on board the Spectrum-Roentgen-Gamma satellite, will carry out a deep survey of the entire X-ray sky in the 0.5-10 keV range, and is expected to detect tens of thousands of obscured AGN. This will certainly improve our understanding of the relation between obscuration and the accretion and host galaxy properties.
On longer timescales, Athena (Nandra et al. 2013), and before that the successor of Hitomi, will enable studies of reflection features in AGN with an exquisite level of detail, exploiting the energy resolution of a few eV of micro-calorimeters. High-resolution spectroscopy studies of AGN will make possible to disentangle the different components (arising in the BLR, torus, NLR) of the Fe Kα line, and to set tighter constraints on the properties of the circumnuclear material using the Compton shoulder 141 . NASA recently selected the Imaging X-ray Polarimetry Explorer 142 (IXPE) mission to be launched in the next decade. X-ray polarimetry will open a new window in the study of the close environment of AGN, since the reprocessed X-ray radiation is bound to be polarised.
To date, IR interferometry has provided constraints on the size and distribution of nuclear dust for about 40 AGN. Now, a second generation of interferometers for the VLTI are coming online. In the NIR, GRAVITY 143 will be able to observe ∼20 nearby AGN with unprecedented sensitivity and high spectral resolution, allowing to estimate reliable SMBH masses and put constraints on the geometry of the BLR. In the MIR, MATISSE 144 will combine the beams of up to 4 VLTI telescopes to produce images that will serve to analyze the dust emission at 300-1500 K in the central 0.1-5 pc of the closest AGN. In the NIR and MIR, the James Webb Space Telescope 145 (JWST) will represent a revolution in terms of sensitivity and wavelength coverage. Faint low-luminosity and high-redshift AGN will be accessible at subarcsecond resolution from 0.6 to 28 µm for the first time. Finally, in the sub-mm regime ALMA will continue providing the first images of the nuclear obscurer in nearby AGN. In Cycle 4 and later, ALMA will fully resolve the gas kinematics from galaxy scales to the area of influence of the SMBH in nearby AGN. This will serve to characterize the inflowing/outflowing material in the nucleus and its connection with the host galaxy, leading to a better understanding of the feeding/feedback mechanisms in AGN.
With the advent of all the facilities described above, in order to fully exploit the wealth of data that will be available in the next decade, it will be necessary for the community to develop physical AGN spectral models that could self-consistently reproduce reprocessed X-ray radiation and MIR emission, ideally considering polarization as well.
